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Interpretation of thermal paint 





(57) A method for analysing a thermal paint includes 
the step of defining a colour space in at least two dimen- 
sions, the dimensions representing different colours 
and/or luminance values. The location of reference 
points, representing calibration data, is defined within 



the colour space for comparison with colour information 
relating to a part to be analysed. Each pixel of an image 
of the part to be analysed is given a location in colour 
space and the nearest calibration reference point is de- 
termined. In this way, the approximate temperature of 
that point can be established. 
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Description 

[0001 ] The invention relates to a method and appara- 
tus tor interpreting thermal paint. 

[0002] Thermal paint undergoes permanent colour 5 
changes when subjected to particular temperatures, 
with the final colour of the paint depending both on the 
temperature it is subjected to and the time period over 
which it is held at the raised temperature. 
[0003] Thermal paint is commonly used in the devel- io 
opment of high temperature components of turbines and 
combustors. The paint is applied to the component in a 
test situation, and subsequently analysed in order to de- 
termine the temperatures which different regions of the 
component reached during the test. 15 
[0004] Conventionally, the analysis of the paint has 
been done manually. After heating, the colour profile of 
the paint is such that at certain temperatures the colour 
changes quite rapidly as perceived by the eye. At these 
points the temperature for the particular paint will have 20 
been calibrated empirically. Thus when the human op- 
erator finds the location of these perceived boundaries 
between colours, the temperatures at the boundaries 
can be determined and the temperatures between the 
boundaries interpolated. 25 
[0005] The above process is time consuming for the 
human operator and, where the components include rel- 
atively inaccessible regions, can be very inconvenient. 
Further, the precise location where the colour change 
occurs may be subjective. 30 
[0006] According to the invention there is provided a 
method for analysing a thermal paint applied to a part, 
the method including the steps of: 

defining a colour space in at least two dimensions, 3S 
the dimensions representing different colours and/ 
or luminance values; 

defining the location of calibration data comprising 
points, lines or curves in the colour space and re- 
taining this information in the memory of a compu- 
ter; 

producing an image of the part to be analysed, the 
image comprising a plurality of pixels each contain- 
ing colour information; 

analysing the colour information to locate a pixel im- 
age point in colour space, for one or more of the 
pixels; and 

using the computer to compare the pixel image 
points with the calibration data to determine the cal- 
ibration point or location on the calibration line or 
curve which lies closest to the pixel image point in 
colour space. 

[0007] Preferably the analysis of the colour informa- 
tion is carried out by the computer. 
[0008] The colour space is preferably at least three 
dimensional, the three dimensions preferably repre- 
senting red, green and blue light or a luminance value 



plus two out of three values representing the fraction of 
red, green and blue light present. However the colour 
space may include more than three dimensions and the 
dimensions may represent wavelength bands other 
than red, green and blue. 

[0009] Preferably the calibration data represents col- 
ours in a standard set of colours. Preferably each colour 
in the set of colours represents a particular temperature 
reached by the thermal paint. Preferably the method fur- 
ther includes the step of determining the temperature 
represented by the calibration point or location on the 
calibration line or curve which lies closest to the pixel 
image point in colour space. 

[0010] Preferably the calibration data comprises a 
plurality of points in colour space. Preferably the method 
includes the step of establishing the location of vbronoi 
polygons in colour space around the points in the cali- 
bration data. Preferably the method further includes the 
step of determining in which vbronoi polygon each pixel 
image point is located, in order to determine the calibra- 
tion data point which lies closest to the pixel image point 
in colour space. 

[001 1 ] Preferably the calibration data points are divid- 
ed into bands, each band containing a plurality of cali- 
bration data points. The method may include the step of 
checking in which band a particular calibration data 
point lies. The method may include the process of de- 
termining which of two calibration data points, each 
equally close to a pixel image point in colour space, is 
the correct calibration data point. This process prefera- 
bly includes the step of checking in which band each of 
the two calibration data points lies and checking in which 
band the calibration data point assigned to one or more 
neighbouring pixel image points lie. 
[001 2] Preferably the part to be analysed is illuminat- 
ed by a broad optical band width light source of substan- 
tially constant optical intensity across substantially the 
whole band width, which may be produced by a xenon 
flash. Preferably normally incident illumination is used. 
[001 3] The method may include the step of polarising 
the light using a polariser and filtering out directly reflect- 
ed light using a cross-polariser. 

[0014] Preferably the image is produced using a dig- 
ital camera, preferably including three charge coupled 
devices. 

[0015] The colour information may be filtered to re- 
move unwanted information. A smoothing function may 
be used. 

[0016] The colour information may be modified to 
compensate for brightness variations caused by the 
shape of the part or by camera distortions. 
[0017] The colour information may be modified to 
compensate for non uniform illumination, or diffuse re- 
flections. 

[0018] Subsequently, the colour information may be 
analysed such that information relating to absolute 
brightness is substantially excluded 
[0019] According to the invention, there is also pro- 
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vided apparatus for carrying out a method according to 
any of the previous definitions. 

[0020] According to the invention there is also provid- 
ed apparatus for analysing a thermal paint applied to a 
part, the apparatus including: 

means for defining a colour space in at least two 
dimensions, the dimensions representing different 
colour and/or luminance values; 
means for defining the location of calibration data 
comprising points, lines or curves in the colour 
space and retaining this information in the memory 
of a computer; 

means tor producing an image of the part to be an- 
alysed, the image comprising a plurality of pixels 
each containing colour information; 
means for analysing the colour information to locate 
a pixel image point in colour space, for each pixel; 
and 

means for using the computer to compare each pix- 
el image point with the calibration data to determine 
the calibration point or location on the calibration 
line or curve which lies closest to the pixel image 
point in colour space. 

[0021] Preferably the apparatus includes a broad op- 
tical band width light source for producing light having 
a substantially constant optical intensity across the 
spectrum. The apparatus may include a xenon flash. 
[0022] Means may be provided for polarising the light 
and filtering out from the image reflected light of gener- 
ally cross-polarisation. 

[0023] Preferably the means for producing an image 
of the part includes a digital camera, preferably including 
three charge coupled devices. 

[0024] According to a further aspect of the invention 
there is also provided a method for analysing a thermal 
paint applied to a part, the method including the steps of: 

defining a colour space in at least three dimensions, 
the dimensions representing different colours and/ 
or luminance values; 

defining the location of calibration data comprising 
points, lines or curves in the colour space and re- 
taining this information in the memory of a compu- 
ter; 

producing an image of the part to be analysed, the 
image comprising a plurality of pixels each contain- 
ing colour information; 

analysing the colour information to locate a pixel im- 
age point in colour space, for one or more of the 
pixels; and 

using the computer to compare the pixel image 
points with the calibration data to determine the cal- 
ibration point or location on the calibration line or 
curve which lies closest to the pixel image point in 
colour space; 



characterised in that the image pixels contain col- 
our information represented by at least one more differ- 
ent colour and/or luminance values than are used to de- 
fine the colour space. 
s [0025] According to a yet further aspect of the inven- 
tion there is provided a method for analysing a thermal 
paint applied to a part, the method including the steps of ; 

defining a colour space in at least three dimensions, 
io the dimensions representing different colours and/ 
or luminance values; 

defining the location of calibration data comprising 
part, lines or curves in the colour space and retain- 
ing this information in the memory of a computer; 
is producing an image of the part to be analysed, the 
image comprising a plurality of pixels each contain- 
ing colour information; 

analysing the colour information to locate a pixel im- 
age point in colour space, for one or more of the 
20 pixels; and 

using the computer to compare the pixel image 
points with the calibration data to determine the cal- 
ibration point or location line or curve which lies 
closest to the pixel image point in the colour space; 

25 

characterised in that the step of defining the loca- 
tion of calibration data also includes computing for each 
calibration point, line or curve a structure within the col- 
our space which surrounds that calibration point, line or 

30 curve and with which all locations are closer to that cal- 
ibration point, line or curve than to any other calibration 
point, line or curve in the calibration data. 
[0026] Preferably the step of determining the calibra- 
tion point or location on the calibration line or curve 

35 which lies closest to the pixel image point comprises de- 
termining within which structure the pixel image point 
lies. 

[0027] The invention will now be described for the pur- 
poses of illustration only with reference to the accompa- 
40 nying drawings, in which: 

Fig. t is a bow tie test piece for the purposes of cal- 
ibration; 

Figs. 2A to 2C illustrate different types of illumina- 
45 tion; 

Fig. 3 illustrates the concept of three dimensional 
colour space; 

Fig. 4 illustrates Voronoi polygons in two dimen- 
sions; and 

so Fig. 5 is a possible flow diagram for carrying out a 
process according to the invention. 

Overview of Method and Apparatus 

55 [0028] The method and apparatus as described be- 
low provides means for the automatic analysis of ther- 
mal paint images. An image of the component to be an- 
alysed is produced using a digital camera. Each pixel 
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within the image is subsequently analysed by a compu- 
ter to determine which of a set of predetermined colours 
it is closest to. Each of these predetermined colours rep- 
resents the colour of the thermal paint at a particular 
known temperature and this colour and temperature in- 
formation is stored in the computer's memory. Thus the 
temperature of the component at the point represented 
by the pixel can be worked out. The preferred method 
and apparatus is described in more detail below 

The Camera 

[0029] Digital cameras include one or more charge 
coupled device (CCD) chips, which are divided into a 
number of pixels (for example 1280 x 1,000 or 3,072 x 
2,048). In conventional cameras each pixel is respon- 
sive to one of red, green or blue light and produces an 
output signal which is proportional to the intensity of the 
red, green or blue light falling on it. These output signals 
are referred to as "FT, "G" and "B* for red, green and 
blue light respectively. 

[0030] "Single chip" cameras include one CCD chip, 
having a distribution over the surface of the chip of dif- 
ferent pixels. One set of pixels is responsive to red light, 
one set to green light and one set to blue light. The pixels 
in the various sets are spread relatively evenly over the 
chip, although there may not be the same number of 
pixels of each colour (as one colour may be used to sup- 
ply luminance levels common to all three sets of pixels). 
At each pixel in the image, information is therefore pro- 
vided about one colour of light, namely red, blue or 
green light. For each pixel, information relating to the 
remaining colours must be extrapolated from the colour 
information obtained in respect of neighbouring pixels. 
[0031] A "three chip" camera uses a prism to split the 
image into three separate images: a red image, a blue 
image and a green image. Each image is received by a 
separate chip such that red, green and blue light infor- 
mation is available for every pixel on the respective chip. 
These cameras therefore provide superior image reso- 
lution and less ambiguous colour information. 
[0032] As an alternative to either of the above, a black 
and white camera may be used, with red, green and blue 
filters placed in front of the camera in turn to thereby 
provide colour information for each pixel, a separate im- 
age being recorded for each colour. 
[0033] For the present invention, a three chip camera 
is preferred It is not essential to use red, green and blue 
sensitive cameras, but these are commonly available 
and thus convenient to use. 

Calibration 

[0034] Before any analysis of thermally painted parts 
can be carried out, it is necessary to create a set of ref- 
erence calibration colour values for which the associat- 
ed temperatures are known, for the particular thermal 
paint being used. 



[0035] This may be done using calibration coupons. 
Calibration coupons are usually nickel alloy plates about 
25mm square or 1 2mm x 25mm in size. 
[0036] These coupons are prepared by coating them 

s in the thermal paint to be calibrated, and heating in a 
calibrated furnace. The coupons are heated to respec- 
tively different constant temperatures and, for each tem- 
perature, different coupons are heated for respectively 
different times (3, 5, 10, 30 or 60 minutes). Typically for 

io a thermal paint, these coupons will cover most of the 
usable temperature range in 10°C steps for each run- 
ning time. Alternatively, where a small temperature 
change produces rapid colour changes, coupons may 
be provided at narrower temperature intervals. Each set 

15 of calibration coupons is placed in a microscope slide 
holder in a fixed position. By marking four known points 
on the microscope slide holder and inputting data via a 
spread sheet, a calibration coupon colour temperature 
assignment program is used to capture the colour tem- 

20 perature data for each coupon, and store the information 
in a computer. There may be as many as eighty coupons 
for a particular thermal paint. 

[0037] Thus, for each calibration coupon, colour data 
(i.e. R, G, B values) is held in the computer and linked 
25 to an associated temperature. In this way the colour 
temperature relationship for the thermal paint is defined 
across its whole range. 

[0038] As an alternative to calibration coupons, colour 
data may be taken from components, or bow tie test 

30 pieces, which have been manually analysed. A bow tie 
test piece is illustrated in Fig. 1 . Such pieces give an 
even temperature distribution across their surface, and 
the temperature at various points is measured either by 
thermocouples or by the comparison of a known and an 

35 unknown paint (as shown in Fig. 1 ). Such a comparison 
may be carried out to determine the similarity of two 
paint batches. Alternatively, the test piece may be heat- 
ed by passing an electrical current through it, and cal- 
culating the temperature from its resistance, which is 

40 known and which varies due to the shape of the bow tie. 
Colour data from a bow tie test piece may be taken using 
a computer program which allows a rectangular area of 
any angle over an image to be sampled. The tempera- 
ture information from the thermocouples can be ana- 

45 fysed together with the colour sampling information to 
provide temperature estimates for the entire sample. 
[0039] The test piece of Fig. 1 illustrates the way in 
which thermal paint colours form in clearly defined 
bands 10,12. The colour data is taken from the compu- 

50 ter by sampling rectangular areas of approximately uni- 
form colour. The areas are defined by drawing a line 
along the image in the direction of the temperature 
change, and marking the colour boundaries or other iso- 
therms at right angles to the first line. The width of the 

55 rectangles can be altered to vary the precision. 

[0040] Calibration data can be captured from several 
sets of calibration coupons, or multiple components or 
noncontinuous areas of components. Such colour data 
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needs to be joined. In the case calibration coupons 
which do not overlap in temperature they are joined with 
the hot set immediately leading the cold. For compo- 
nents with continuous temperature distributions there 
must be an overlap to allow a smooth join to be made 
between them. The system finds the join with the least 
colour discontinuity within a user defined temperature 
discontinuity (tor e.g. 10°C). 

Paint Calibration File 

[0041] Once the raw colour temperature information 
has been acquired, a calibration file must be produced 
to allow the pixels in the image to subsequently be in- 
terpreted in an unambiguous way. 
[0042] This process is called colour-temperature 
banding. The raw colour data is assigned to "bins" which 
are linearly spaced in temperature. A paint might include 
about fifty bins each relating to a given temperature 
range. The bins are then assigned to 'bands", each 
band including about five to eight bins. 
[0043] The use of bins and bands has been adopted 
because of the complexity of colour curves for typical 
thermal paints. Unfortunately many existing thermal 
paints are ambiguous in temperature when three col- 
ours or wavelength bands are measured. It may be that 
for a particular paint, a pixel could be assigned to either 
of two widely spaced bins, which have similar average 
colour profiles. Thus, for a particular point on a compo- 
nent, it could be unclear as to which bin it should fall in 
given only its colour information. However, if information 
about the surrounding pixels is also considered, the cor- 
rect band may be determined unambiguously and the 
correct bin within said band may then be found with no 
ambiguity. 

[0044] The bins are assigned to bands by an operator, 
for each paint. The number of bins depends upon the 
temperature range to be covered by a single bin. The 
temperature range may be constant, or may vary across 
the temperature range of a paint. In determining the tem- 
perature range of each bin, the operator must take ac- 
count of the rate of change of colour of the paint, in col- 
our space, as a function of temperature. Where there is 
a rapid colour change, more calibration points, at small- 
er temperature separations, may be required. As there 
are preferably between five and eight bins in each band, 
the rate of change of colour will correspondingly affect 
the temperature range of the relevant bands. 
[0045] The colour ambiguity of some paints, as dis- 
cussed earlier, also affects the creation of bands. In or- 
der to overcome the ambiguity associated with certain 
bins, it is essential that the bands which each ambigu- 
ous bin is allocated to are widely separated in temper- 
ature. Each band having an ambiguous bin must have 
neighbouring bands which do not contain an ambiguous 
bin, in order to correctly allocate ambiguous bins to the 
correct band. Preferably, a paint has a maximum of two 
bands containing ambiguous bins. 



Image Acquisition 

[0046] It is important that the component to be ana- 
lysed is illuminated in such a way as to avoid gloss or 

s glaze reflection problems or complicated shadows. 
"Glazing" results from the fact that at higher tempera- 
tures the paint binding starts fusing and causes some 
direct reflection back of light. Such reflection contains 
very little colour information, appearing white because 

10 it has been reflected rather than having been scattered 
by the paint pigment. 

[0047] The problem of glazing may be overcome by 
using polarised light. The polarisation of the directly re- 
flected light is preserved and can be filtered out by 

is putting a cross-polariser across the camera. The polar- 
isation of the light that has been scattered, and therefore 
contains colour information tends not to be preserved 
because of the repeated reflections which it undergoes, 
and is therefore passed by the cross-polariser. This 

20 method avoids the glazing problem but greatly reduces 
the brightness of the image (as the pigment reflection 
still has a large bias towards the original polarisation of 
the light). 

[0048] various different types of illumination include 
2S light box illumination, 45° incidence illumination and nor- 
mal incidence illumination, as illustrated in Figs. 2A, 2B 
and 2C respectively. In each figure, the part to be ana- 
lysed is labelled 14, the camera is labelled 16 and the 
lights are labelled 18. All round illumination has the dis- 
30 advantage that it is difficult to separate out reflections 
from desired light 45° illumination avoids glazing but 
necessitates a large amount of camera movement as 
only a specific area is illuminated. Normal illumination 
is preferred. 

35 [0049] First the light exposure is estimated using a 
light meter, then an image is calibrated by using a black 
and white calibration card. This allows normalisation of 
each R, G and B colour. 

40 Initial Image Processing 

[0050] Because most commonly available cameras 
are intended to produce images which mimic those seen 
by the human eye, the relationship between brightness 

45 and camera output is not necessarily linear. This takes 
into account the fact that the human eye compensates 
for brightness. The relationship between brightness and 
output is referred to as the gamma curve and, for indus- 
trial applications, such a curve is undesirable. Instead, 

so the relationship should be linear. Therefore this curve is 
corrected by the computer in order to provide a linear 
relationship between the measured brightness of each 
R, G, B colour and the input brightness. 
[0051] The image produced by the camera may be fil- 

ss tered to remove unwanted information, such as small 
spots of colour caused by, for example, soot. The image 
may be smoothed by setting the colour value of a central 
pixel in a group of pixels to the average of all the pixels 
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in the area. Smoothing by averaging or median filtering 
may be carried out over areas such as 3 x 3 pixels, 5 x 
5 pixels or 7 x 7 pixels. 

[0052] The image may also be processed to compen- 
sate for brightness variations caused by the three di- 
mensional shape of the part being analysed or by cam- 
era distortion. The computer used for the image 
processing may be provided with information as to the 
shape of the part. The image produced by the camera 
may then be modified according to a function which pro- 
duces a geometrical transformation to take into account 
the shape of the part. 

[0053] A correction may also be applied for any non- 
uniform illumination. A piece of white paper with crosses 
evenly distributed upon it is photographed to measure 
the spread of light from the flash. A function may then 
be determined which relates the illumination to the lo- 
cation of points relative to the light source and the cam- 
era lens. This function can be used to correct for uneven 
illumination. Diffuse reflection may also need to be taken 
into account. 

[0054] The above techniques are particularly applica- 
ble to application where a horoscope is used to obtain 
an image of the inside of an engine, for example. This 
can cause severe image distortion. 

Interpretation 

[0055] Once an image of a component has been cap- 
tured, and each pixel assigned R, G and B values, these 
values must be converted into temperatures. To do this 
each pixel must be allocated to a bin, for which there is 
a known associated temperature. 
[0056] The following method is used. Where / is the 
luminance, or brightness and R, G and B are the values 
measured and corrected by the camera which are usu- 
ally in 8 bit colour, i.e. 0-255 range byte values 

/=(R + G + B) 
r = SF^ 
9 = SF^ 
b = SF^ 

The variables r, g and b are the colour or chromacity co- 
ordinates, b is not used as the colour can be sufficiently 
described by three co-ordinates. SF is a scale factor 
nominally set at 1 ,000 to the r, and g variables into the 
two byte integer range, and / similarly is a two byte in- 
teger. Thus the R, G, B output for each pixel can be an- 
alysed to produce r, g and I values. 
[0057] The r, g and I values for each pixel define a 



pixel image point 20 in three dimensional colour space, 
as illustrated in Fig. 3. All the calibration bins can also 
be analysed in the above way to produce calibration 
points 22 in colour space. The aim is therefore, for each 

5 pixel point, to find the nearest calibration point and thus 
to estimate the temperature at the location represented 
by that pixel. Therefore, the distance in colour space 
(the error, E) between the pixel to be interpreted and 
each standard paint bin colour from the calibration file 

io is calculated, using the following formula: 

Jir-rjfHg-gjf+Xil-lf 

15 [0058] The calibration point closest to the pixel image 
point (having the minimum distance or error, E) is then 
found from those calculated and the pixel is assigned to 
that bin. 

[0059] To reduce the number of computations re- 
20 quired, a Voronoi diagram, or Voronoi polygons, may be 
used. A two dimensional version of this structure is 
shown in Fig. 4, but the approach is equally applicable 
to three or more dimensions. A structure is computed 
such that each calibration point 22 (representing a 
25 standard bin colour) is su rrounded by a convex polygon. 
All points within this polygon are closer to that calibration 
point than to any other calibration point in the set. Thus, 
given the Voronoi polygons of the set of calibration 
points 22 and a pixel image point 20, the calibration point 
30 22 nearest to the pixel image point 20 can be estab- 
lished simply by determining in which polygon the pixel 
image point 20 lies. In Fig. 4, the pixel image point lies 
in a polygon 24, and is therefore closest to the calibra- 
tion point 22a. 

35 [0060] The sides of each polygon are the perpendic- 
ular bisectors of lines joining the calibration point with 
its neighbouring calibration points. Established algo- 
rithms can be used to create a voronoi polygon structure 
around the set of calibration points representing the 

ao standard bin colours. 

[0061] In order to establish the polygon in which the 
pixel point lies, the polygon vertices may be sorted in 
ascending order of their y co-ordinates, thus determin- 
ing in which zone the pixel point lies. This narrows down 

45 substantially the number of polygons/which can then in 
turn be sorted and searched by x co-ordinate. 
[0062] After all the pixels have been assigned to bins, 
some further processing takes place to reduce noise 
and eliminate any band ambiguity (discussed above un- 

50 der "calibration"). In order to reduce noise, the temper- 
ature value allocated to each pixel is compared to the 
temperature values of its neighbouring pixels. If the val- 
ue is significantly higher than those of its neighbours, 
this is determined to be an error point. A replacement 

55 temperature value, for example the average value of its 
neighbours, is then allocated to the pixel. 
[0063] Fig 5 is a flow diagram illustrating one way in 
which a computer may carry out the process of the in- 
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vention. This method finds the calibration point nearest 
to the pixel image point by checking the error distance 
for all calibration points. This method is inferior to the 
method which uses Voronoi polygons. 
[0064] Whilst endeavouring in the foregoing specifi- 
cation to draw attention to those features of the invention 
believed to be of particular importance it should be un- 
derstood that the Applicant claims protection in respect 
of any patentable feature or combination of features 
hereinbefore referred to and/or shown in the drawings 
whether or not particular emphasis has been placed 
thereon. 



Claims 

1 . A method for analysing a thermal paint applied to a 
part (14), the method including the steps of: 

defining a colour space in at least two dimen- 
sions, the dimensions representing different 
colours and/or luminance values; 
defining the location of calibration data com- 
prising points, lines or curves (22) in the colour 
space and retaining this information in the 
memory of a computer; 

producing an image of the part to be analysed, 
the image comprising a plurality of pixels each 
containing colour information; 
analysing the colour information to locate a pix- 
el image point (20) in colour space, for one or 
- more of the pixels; and 

using the computer to compare the pixel image 
points (20) with the calibration data (22) to de- 
termine the calibration point (22a) or location 
on the calibration line or curve which lies clos- 
est to the pixel image point (20) in colour space. 

2. A method according to claim 1 , wherein the analysis 
of the colour information is carried out by the com- 
puter. 

3. A method according to claim 1 or claim 2, wherein 
the colour space is at least three dimensional, the 
three dimensions representing red, green and blue 
light or a luminance value plus two out of three val- 
ues representing the fraction of red, green and blue 
light present. 

4. A method according to any preceding claim, where- 
in the calibration data represents colours in a stand- 
ard set of colours. 

5. A method according to claim 4, wherein each colour 
in the set of colours represents a particular temper- 
ature reached by the thermal paint. 

6. A method according to claim 5, wherein the method 



further includes the step of determining the temper- 
ature represented by the calibration point (22a) or 
location on the calibration line or curve which lies 
closest to the pixel image point (20) in colour space. 

5 

7. A method according to any preceding claim, where- 
in the calibration data comprises a plurality of points 
(22) in colour space. 

10 8. A method according to claim 7, wherein the method 
includes the step of establishing the location of Vo- 
ronoi polygons (24) in colour space around the 
points (22) in the calibration data. 

is 9. A method according to claim 8, wherein the method 
further includes the step of determining in which Vo- 
ronoi polygon (24) each pixel image point is located, 
in order to determine the calibration data point (22a) 
which lies closest to the pixel image point (20) in 

20 colour space. 

10. A method according to any of claims 7 to 9, wherein 
the calibration data points (22) are divided into 
bands, each band containing a plurality of calibra- 

25 tion data points. 

1 1 . A method according to claim 1 0, the method includ- 
ing the step of checking in which band a particular 
calibration data point lies. 

30 

1 2. A method according to claim 11 , the method includ- 
ing the process of determining which of two calibra- 
tion data points (22), each equally close to a pixel 
image point (20) in colour space, is the correct cal- 

35 ibration data point (22a). 

13. A method according to claim 12, including the step 
of checking in which band each of the two calibra- 
tion data points (22) lies and checking in which band 

40 the calibration data point assigned to one or more 
neighbouring pixel image points (20) lie. 

1 4. A method according to any preceding claim, where- 
in the part to be analysed is illuminated by a broad 

45 optical band width light source (1 8) of substantially 
constant optical intensity across substantially the 
whole band width. 

15. A method according to claim 14, wherein normally 
50 incident illumination is used. 

16. A method according to claim 14 or claim 15, the 
method including the step of polarising the light us- 
ing a polariser and filtering out directly reflected light 

55 * using a cross-polariser. 

17. A method according to any preceding claim, where- 
in the image is produced using a digital camera (1 6). 
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18. A method according to claim 17, wherein the cam- 
era (16) includes three charge coupled devices. 

1 9. A method according to any preceding claim, where- 
in the colour information is filtered to remove un- s 
wanted information. 

20. A method according to any preceding claim, where- 
in the colour information is modified to compensate 

for brightness variations caused by the shape of the io 
part or by camera (16) distortions. 

21 . A method according to any preceding claim, where- 
in the colour information is modified to compensate 

for non uniform illumination, or diffuse reflections. 15 

22. A method according to any preceding claim 1, 
wherein the colour information is analysed such that 
information relating to absolute brightness is. sub- 
stantially excluded. 20 

23. Apparatus for carrying out a method according to 
any of the previous claims. 

24. Apparatus for analysing a thermal paint applied to 25 
a part (14), the apparatus including: 

means for defining a colour space in at least 
two dimensions, the dimensions representing 
different colour and/or luminance values; 30 
means for defining the location of calibration 
data (22) comprising points, lines or curves in 
the colour space and retaining this information 
in the memory of a computer; 

means for producing an image of the part to be 35 
analysed, the image comprising a plurality of 
pixels each containing colour information; 
means for analysing the colour information to 
locate a pixel image point (20) in colour space, 
for each pixel; and 40 
means for using the computer to compare each 
pixel image point with the calibration data to de- 
termine the calibration point or location (22a) 
on the calibration line or curve which lies clos- 
est to the pixel image point (20) in colour space. 45 

25. Apparatus according to claim 24, including a broad 
optical band-width light source (18) for producing 
light having a substantially constant optical intensity 
across the spectrum. 50 

26. Apparatus according to claim 25, including a xenon 
flash. 

27. Apparatus according to claims 25 or 26, including 55 
means for polarising the light and filtering out from 

the image reflected light of generally cross-polari- 
sation. 



28. Apparatus according to any of claims 24 to 27, 
wherein the means for producing an image of the 
part includes a digital camera (18). 

29. Apparatus according to claim 28, wherein the cam- 
era (16) includes three charge coupled devices. 

30. A method for analysing a thermal paint applied to a 
part (1 4), the method including the steps of: 

defining a colour space in at least three dimen- 
sions, the dimensions representing different 
colours and/or luminance values; 
defining the location of calibration data com- 
prising points, lines and curves (22) in the col- 
our space and retaining this information in the 
memory of the computer; 
producing an image of the part to be analy se d> 
the image comprising a plurality of pixels each 
containing colour information; 
analysing the colour information to locate a pix- 
el image point (20) in colour space, for one or 
more of the pixels; and 

using the computer to compare the pixel image 
points (20) with the calibration data to deter- 
mine the calibration point or location on the cal- 
ibration line or curve (22) which lies closest to 
the pixel image point (20) in colour space; 

characterised in that the image pixels contain 
colour information represented by at least one more 
different colour and/or luminance values than are 
used to define the colour space. 

31. A method for analysing a thermal paint applied to a 
part (1 4), the method including the steps of: 

defining a colour space in at least three dimen- 
sions, the dimensions representing different 
colours and/or luminance values; 
defining the location of calibration data com- 
prising points, lines or curves (22) in the colour 
space and retaining this information in the 
memory of the computer; 
producing an image of the part to be analysed, 
the image comprising a plurality of pixels each 
containing colour information; 
analysing the colour information to locate a pix- 
el image point (20) in colour space, for one or 
more of the pixels; and 

using the computer to compare the pixel image 
points (20) with the calibration data (22) to de- 
termine the calibration point or location on the 
calibration line or curve which lies closest to the 
pixel image point (20) in the colour space; 

characterised in that the step of defining the 
location of calibration data also includes computing 
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for each calibration point, line or curve (22) a struc- 
ture (24) within the colour space which surrounds 
that calibration point, line or curve (22) and within 
which all locations are closer to that calibration 
point, line or curve (22) than to any other calibration 5 
point, line or curve (22) in the calibration data. 

32. A method according to claim 31 in which the step 
of determining the calibration point or location on 
the calibration line or curve which lies closest to the 10 
pixel image point comprises determining within 
which structure (24) the pixel image point lies. 
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Fig.2B . 
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Fig.4. 
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Fig.5. 
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